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Abstract
BACKGROUND: Stability and retention of mandibular complete denture are a chronic complaint in elderly patients 
and it may have potential effect on dementia.
AIM: The study was conducted to evaluate the impact of the long-term soft liner (LTSL) for mandibular dentures on 
brain activity and cognitive function of completely edentulous elderly patients. 
PATIENTS AND METHODS: Thirty elderly completely edentulous denture wearer patients were selected 
to participate in the study. Patient’s brain activity and cognitive function were investigated before and after the 
relining of the mandibular complete dentures with an LTSL material. Patient’s brain activities were investigated 
by electroencephalograms, while patient’s cognitive functions were evaluated by the aid of mini-mental state 
examinations.
RESULTS: Statistical analysis of obtained results revealed a significant difference in patient’s brain activity as well 
as a cognitive function before and after the relining of the mandibular complete dentures.
CONCLUSIONS: Long-term soft-lined mandibular dentures seemed having an impact on brain activity and cognitive 
function for elderly completely edentulous denture wearers.
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Introduction
Physiologically, human teeth loss is associated 
with alveolar bone resorption that functionally increases 
by age. Consequently, the decreased ridge height 
jeopardizes the retention and stability of complete 
dentures, with special consideration for the mandibular 
prosthesis [1], [2], [3]. Recently, the prevalence of 
edentulism is more concentrated in old patients and dental 
practitioners may frequently face challenges associated 
with providing prosthodontic care for these completely 
edentulous patients [4], [5]. Elderly completely edentulous 
patients seem frustrated from retention and stability of the 
lower denture and reduced masticatory efficiency [6], [7].
Many attempts were tried to improve the retention 
of mandibular complete denture weather by clinical tips, 
materials, oral surgeries, or dental implants [2], [8]. In 
addition, hard and soft denture liners, denture adhesives, 
and implant-supported dentures were various modalities 
to enhance lower denture retention [7], [9]. Permanent 
and temporary denture lining materials are polymeric 
substances dispersed on the fitting surfaces of dentures 
to increase the adaptation of dentures to occlusal 
stress-bearing oral tissues. Being in intimate contact 
with patient oral mucosa, denture liners must be non-
toxic, non-irritant and hindering all fungal and bacterial 
colonization [10], [11]. Hard denture liners are long-
term resin-based polymers, usually manufactured from 
polymethyl methacrylate (PMMA) [11]. Short-term and 
long-term soft, resilient denture liners are categorized as 
plasticized acrylic resins or silicone elastomeric materials 
that are used with partial and complete removable 
dentures to homogeneously distribute functional stresses 
on oral denture-bearing mucosa [11], [12].
Actually, human brain is controlling not only 
all body functions, such as physical movement, 
heart activity, speech, but also thinking, memory, 
and emotional perception. Brain activity can be 
measured with electroencephalography (EEG) as a 
neurologic examination method. The principle of the 
EEG is to capture the electric brain potential through 
multiple electrodes placed on the patient scalp over 
a determined period of time [13], [14]. Brainwaves 
are produced from the synchronization of electrical 
pulses from masses of neurons that communicate with 
each other. The unit of measurement of brainwave 
frequency is Hertz (i.e., Hz; cycles per second). In 
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addition, brainwaves are divided into fast, moderate, 
and slow delineating bands [14], [15], [16].
Major human brain wave is infra-low waves 
(<0.5 Hz, they are generating with deep meditation 
and during dreamless sleep), delta waves (0.5–3 
Hz, they are a source of empathy and they suspend 
the external awareness), theta waves (4–8 Hz, they 
improve human creativity, intuition, and natural 
feeling), alpha waves (9–12 Hz, they help overall 
calmness, mental coordination, integration of mind/
body, learning, and alertness), beta waves (13–
39 Hz, they control normal consciousness and 
cognitive tasks), and gamma waves (40–100 Hz, 
they simultaneously process information from various 
brain zones) [14], [16]. Alpha wave frequency, ranging 
between beta and theta waves; therefore, it can 
bridge the gap between the conscious thinking and 
the subconscious mind [14].
Mini-mental state examination (MMSE) is 
considered as one of the most sensitive cognitive 
tests for discrimination between normal persons 
and patients affected by dementia and cognitive 
impairment [17], [18].
Recently, patients impaired brain activity 
and cognitive function represent one of the most 
frequent neurological, geriatric symptoms, which 
deteriorates their quality of life and arouses their 
familial and social burden. Early detection as well as 
proper management of risk factors seems essential 
to prevent cognitive morbidity. Many studies reported 
a correlation between tooth loss and cognitive 
feebleness with or without dementia of community-
dwelling elderly patients [18], [19].
Subsequently, this study was conducted to 
assess the effect of long-term soft liner (LTSL) for lower 
dentures on cognitive function and brain activity of 
completely edentulous old patients with the aid of the 
MMSE and EEG, respectively.
The purpose of the study was to investigate the 
impact of long-term soft relined mandibular dentures on 
brain activity and cognitive function of elderly completely 
edentulous patients.
Patients and Methods
All study patients were informed about the 
clinical steps of the study and written approval consent 
was filled and signed by each participating patient.
Materials
The materials used in the study were:
•	 LTSL material: MUCOPREN®SOFT. 
Kettenbach GmbH and Co. KG, Germany.
•	 Heat cured PMMA Lucitone-199 (DENTSPLY 
Trubyte, Int. Inc., York, PA, USA).
Patients selection
Thirty elderly male patients were selected for 
the study from the Medical Excellence Centre, National 
Research Centre, Cairo, Egypt. All patients had 
previously constructed and worn complete dentures that 
were made up of heat-cured acrylic resin (polymethyl 
methacrylate; PMMA) for not <2 years with persistent 
mandibular dentures retention and stability problems.
EEG and MMSE were performed for all study 
patients before denture relining and 3 months after 
relining with the LTSL of mandibular complete dentures.
Patient inclusion/exclusion criteria
•	 Thirty completely edentulous male patients 
aging from 60 to 70 years were selected (mean 
age ≈ 65 years)
•	 Patients were non-smokers.
•	 Selected patients had no history of brain 
diseases such as cerebral infarction and they 
had never been diagnosed with dementia such 
as Alzheimer’s disease.
•	 Patients having a history of any 
temporomandibular joint disorders, psychiatric 
illness, or neuromuscular disorders such as 
bruxism or severe clenching were absolutely 
excluded from the study.
•	 Patients were Angle’s Class I skeletal 
malocclusion, and they had well-developed 
maxillary and mandibular alveolar ridges lined 
with firm mucoperiosteal.
•	 Thorough intra-oral and extra-oral 
examinations, panoramic radiograph, and 
maxillary and mandibular diagnostic casts 
were performed for all study patients.
•	 Instructions were given to all patients that at 
bedtime, they should get their upper and lower 
complete dentures out, clean the denture 
fitting surfaces and massage the oral tissues 
with a toothbrush and keep dentures in a cup 
containing water overnight.
Prosthodontic management
•	 All selected patients had previously constructed 
and used conventional heat-cured acrylic resin 
complete dentures for not <2 years with a 
history of retention and stability problems of 
mandibular dentures [20].
•	 Mandibular complete dentures had received 
the essential prosthetic adjustments aiming to 
achieve optimal retention, maximum stability, 
and the necessary occlusal contacts.
•	 EEG and MMSE assessments were performed 
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for all patients.
•	 Afterword, the mandibular dentures were 
relined with LTSL materials to improve retention 
of mandibular dentures.
Relining technique (direct - abrasion method)
•	 Relining of mandibular dentures was performed 
by reducing one mm of the denture fitting surfaces 
and borders to make a right-angled border.
•	 Manipulating the LTSL material according to 
manufacturer instruction.
•	 Afterword, apply two separate layers of 
Mucopren adhesive upon the vestibular 
surface of the mandibular denture and allow 
each layer to dry for about 40 s.
•	 Even thickness of LTSL was distributed over 
the mandibular denture-fitting surface using 
the supplied syringe.
•	 Then, the lower denture was inserted and 
molded in patient mouths, while biting in 
centric occlusion with the opposing maxillary 
complete dentures.
•	 After proper setting of LTSL material, excess 
material was trimmed and the mandibular 
complete dentures were finished and polished.
•	 Post-insertion care was confirmed to all 
participating patients.
•	 Patients were comfortably using their relined 
mandibular complete dentures for at least 
3 months before the next EEG and MMSE 
assessments.
Evaluation methods
Brain activity and cognitive function were assessed 
using EEG and MMSE questionnaire, respectively.
EEG assessment
EEG was done for all patients who were 
enrolled in the study to evaluate brain activity before and 
after use of relined mandibular complete dentures. All 
patients EEGs were accomplished in a neurology unit 
(ATES MEDICA Device S.R.L. has finalized a company 
fusion with EB Neuro S.p.A., Colognola ai Colli [Verona] 
Italy; model OPTIPLEX 755, installed operating system 
Win. XP SP3, Acquisition system).
Before each patient record, the parameters of 
EEG equipment were calibrated as follows: 0.3 s time 
constant, 3.0 cm/s drawing speed, and 50 Hz filter. 
During EEG recording, participants were comfortably 
seating at rest position with closed eyes. According to 
the international 10–20 system, the pasteless bridge 
electrodes were arranged on patient scalps.
In addition, a 21-channel scalp EEG was 
accomplished while placing reference electrodes on 
both patient earlobes (Figure 1). Data of EEG were 
recorded for 20 min; after confirming the stability of 
detected EEG activities from all applied electrodes. 
Furthermore, bipolar and referential EEG montages 
were applied. Patients EEG tracing were interpreted to 
detect alpha (α) waves (8-12 Hz) before and 3 months 
after wearing of relined mandibular dentures. Monitored 
alpha (α) waves were prominent occipitally in O1 and 
O2 channels.
MMSE
A set of MMSE questionnaire (11 questions 
with maximum scoring of 30) was given to each patient 
to assess the cognitive function before and 3 months 
after wearing the relined mandibular dentures with 
LTSL [21], [22].
Figure 1: A photograph showing electroencephalogram patient assessment
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Statistical analysis
Paired t-test was used to compare the brain 
activity and cognitive function pre- and post-relining of 
mandibular complete dentures with an LTSL material. 
Statistical analysis was performed using SPSS 
20®1, Graph Pad Prism®2, and Microsoft Excel 20163 
and significant level set at p ≤ 0.05. Obtained data were 
represented as means (M) and standard deviation (SD).
Results
At the beginning of the study, EEG was 
recorded for each study patient (30 participants) 
before relining of the mandibular denture with the 
LTSL material to monitor the alpha (α) brain waves. 
After the wear of lower denture relined with LTSL for 
3 months, EEG again was examined for each patient. 
The frequency of alpha brain wave before and after the 
relining of mandibular denture with the LTSL material 
was collected and was presented as means (M) and 
standard deviation (SD). 
Table  1:  EEG  monitored  alpha  (α)  brain  wave  frequency  
(mean  ±  SD  in  Hz)  before  and  after  relining  of  mandibular 
denture with the LTSL material
Number of patients M ± SD (in Hz) p-value
Before 30 9.6 ± 0.5477 0.005**
After 30 11 ± 0.70711
M: Mean, SD: Standard deviation, p: Probability level. **Significant difference. LTSL: Long-term soft liner, 
EEG: Electroencephalography.
The calculated obtained mean and standard deviation 
before and after relining was 9.6 ± 0.5477 and 11 ± 
0.70711, respectively, as shown in Table 1 and Figure 2. 
A paired t-test was implemented to evaluate the 
significance level at p ≤ 0.05, and it revealed a significant 
difference in patient α-brain wave frequencies before 
and after denture relining as p < 0.05, as presented in 
Table 1.
Figure 2: Bar charts comparing patient α-brain wave frequency (Mean 
± SD in Hz) before and after (3 months) wearing of lower complete 
denture relining with LTSL
1 Statistical Package for Social Science, IBM, USA.
2 Graph Pad Technologies, USA
3 Microsoft Co-operation, USA.
The cognitive function of the study patient was 
assessed with a standardized MMSE questionnaire 
that had a total score of 30, before and after mandibular 
complete denture relining (Figure 3).
Accordingly, all patient MMSE data were 
gathered and calculated as (mean ± SD). The obtained 
results before and after mandibular complete denture 
relining were 16.9 ± 3.96 and 19.2 ± 2.62, respectively, 
as shown in Table 2 and Figure 4. A paired t-test was 
performed for evaluation of significance level at p ≤ 0.05, 
which revealed a significant difference in patient cognitive 
function before and after use of relined lower complete 
denture as p < 0.05, as presented in Table 2.
Table 2: Patient brain cognitive function evaluation with a 
standardized  mini-mental  state  examination  questionnaire  
(M  ±  SD)  used  before  and  after  relining  of  lower  complete 
denture
Number of patients M ± SD p-value
Before 30 16.9 ± 3.96 0.009**
After 30 19.2 ± 2.62
M: Mean, SD: Standard deviation, p: Probability level. **Significant difference.
Consequently, the applied paired t-test for both 
α-brain activity and cognitive brain function evaluation, 
before and after (3 months) of LTSL lower complete 
denture relining, revealed a significant difference level at 
p ≤ 0.05, as presented in Tables 1 and 2, Figures 2 and 4.
Discussion
Indeed, during the function, the complete 
dentures are moving relative to the underlying alveolar 
bone. Denture instability had the potential of traumatizing 
the supporting oral tissues. Thus, throughout complete 
denture techniques and philosophies, the achievement 
of maximum retention and stability appeared to be 
a major objective of prosthodontics. Consequently, 
denture stability usually presented the distinguishing 
factor between the success and failure of a removable 
prosthesis [23], [24].
Unfortunately, unstable dentures might reduce 
the patient maximum bite forces because of weaken 
jaw muscles and the produced disuse atrophy. During 
mastication, that patient situation presented a vicious 
cycle as the resultant masticatory muscle weakness 
might further contribute towards a decrease in maximum 
biting forces. In addition, that clinical scenario was 
more obvious in patients using unstable conventional 
mandibular dentures for long term [8], [24], [25].
Various attempts were devised to improve 
mandibular denture stability and retention, including 
modification upon impression surface, polished surface, 
mandibular residual ridge, and occlusal surface [23], [24]. 
Furthermore, LTSL materials were administered to 
denture fitting surfaces to improve stability and retention. 
The short-term soft denture liners maintained their 
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resilience for more than 1 month, while the long-term 
was recommended for use for up to 1 year [11], [26].
The chairside LTSL resilient liner selected in 
the study was elastic self-curing silicone. The LTSL 
showed an excellent permanent elastic adhesion to the 
vestibular mandibular acrylic denture surfaces (smooth, 
shiny silicone/acrylic interfacial surface). Moreover, LTSL 
provided relieved critical areas of patient oral mucosa 
Figure 3: Standardized mini-mental state examination questionnaire of 30 total score, used before and after relining of lower complete denture
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and ensured high intraoral comfortability. The smooth 
LTSL hydrophobic silicone surface impeded bacterial 
settling, prevented infections upon the lower denture-
bearing area, and guaranteed stable retained hygienic 
denture for a long-term period. Those lower dentures 
(LTSL) relining aimed to potentially alleviate the trauma 
associated with wearing of complete dentures as well as 
to improve poor retention of mandibular dentures, which 
was in coincidence with Ahmed et al., 2015 [27] and 
Toporowska et al., 2019 [28]. In addition, the used LTSL 
showed promising long service life with high tear strength 
and good stability of the denture-supporting area. Those 
findings were in agreement with Kreve and Dos Reis, 
2019, who reported that the hardness of resilient silicone-
based denture liners was more stable and durable than 
that of resilient acrylic resin-based denture liners [11], [28].
Physiologically, human brain wave impulses 
change according to actions and feelings. Hence, when 
low brain wave frequencies are dominating, individual 
may feel sluggish, tired, or dreamy, while higher ones 
predominate when he perceives hyper-alert, tense, or 
wired [15], [16]. Alpha brain waves are assisting overall 
calmness, mental coordination, alertness, learning, and 
mind/body integration; therefore, this α-frequency range 
cross over the gap between conscious thinking and the 
subconscious mind. In other words, α-frequency ranges 
between theta and beta (β). It helps us calm down when 
necessary and promotes feelings of deep relaxation. 
At stress, a very small alpha (α) potential and an 
excessive beta (β) activity give rise to a phenomenon 
called “Alpha Blocking;” as β brain waves block out α 
brain waves production [13], [14].
Evidently, aging seems a risk factor for 
the deterioration of both sensory and motor human 
functions [29], [30]. Marked tooth loss in geriatric patients 
reduces the oral function that may adversely affect 
brain activity. Recently, many researches confirm that 
prosthodontic rehabilitation appears to have an obvious 
positive impact on perceived brain activity, general health, 
and life quality [30], [31]. Obtained patient brain alpha 
wave results from EEG showed significant improvement 
in brain functions that were in coincidence with Kusdhany 
et al., 2016 [17] and Mursid et al., 2017 [32].
MME was successfully used to evaluate the 
improvement of human cognitive function for complete 
denture wearers with prosthetic treatment that had 
improved not only patient masticatory efficiency but also 
had activated the cerebral functions. Those findings 
were in agreement with many studies; Fereshtehnejad 
et al. 2018 [33] found that elderly patients with a higher 
rate of MMSE declination showed a rapid reduction in 
the rate of dental care consultations. Patient chewing 
after wearing dentures was reported to increase 
activation of cognitive function [33].
Accordingly, LTSL used for the relining of 
mandibular complete dentures for elderly patients 
enhanced denture occlusal contact areas and patient 
force of occlusion that consequently improved brain 
activity and cognitive function [17]; therefore, in that 
study, patients did the MMSE after mandibular denture 
relining by 3 months.
Conclusions
Within the limitations of this study on soft-lined 
mandibular complete dentures, the followings can be 
complemented:
1. LTSL for mandibular dentures with appropriate 
denture construction seems comfortable 
materials that alleviate the trauma associated 
with complete dentures in addition to improving 
denture stability and retention.
2. Long-term elastic relining with LTSL had 
improved their mastication and denture 
function for a long period.
3. Alpha brain wave frequencies increase with 
mastication, indicating activation of brain function 
and prevention of dementia and Alzheimer.
4. Cognitive function was highly improved with 
regular comfortable masticatory function.
Recommendations
Future researches with longer follow-up 
periods and permanent denture relining materials are 
recommended to investigate its impact on brain activity 
and cognitive functions for elderly patients.
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Figure 4: Bar charts comparing MMSE evaluating patient brain 
cognitive function before and after (3 months) of LTSL lower complete 
denture relining
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